ABSTRACT Naturally occurring agents have always been appreciated for their medicinal value for both their chemopreventive and therapeutic effects against cancer. In fact, the majority of the drugs we use today, including the anti-cancer agents, were originally derived from natural compounds, either in their native form or modified to enhance their bioavailability or specificity. It is believed that for maximum effectiveness, it will useful to design novel target-based agents for chemoprevention as well as the treatment of cancer. Recent studies have shown that the serine/threonine kinase polo-like kinase (Plk) 1 is widely overexpressed in a variety of cancers and is being increasingly appreciated as a target for cancer management. Additionally, several chemopreventive agents have been shown to inhibit Plk1 in cancer cells. In this review, we will discuss if Plk1 could also be a target for designing novel strategies for cancer chemoprevention.
INTRODUCTION
Chemoprevention via naturally occurring non-toxic, often plant-based and dietary agents is being increasingly appreciated as a potential strategy for the management of cancer. Historically, naturally occurring agents have been very important for disease management and drug development, both for use in their native form and as templates to expand upon their chemical backbone in designing more specific, potent, or bioavailable derivatives. Over the past 20 years, up to 50% of all new drugs introduced were directly derived from plants or chemically modified natural products (1) . In addition, 78% of antimicrobial compounds have also been derived from natural compounds (1) . With the advancements in high-throughput drug and target analysis and the large diversity of plants and other organisms capable of producing bioactive compounds, the screening for natural compounds as novel drugs or model molecules for drug design will continue to play a major role. However, it is important to identify novel rationaleand mechanism-based targets that could be exploited to develop novel strategies for chemoprevention as well as treatment of cancer. Recent studies have suggested that Polo-like kinase (Plk) 1, which plays several crucial roles in cell cycle progression and cell division, may be a useful target for cancer chemoprevention.
Highly regulated progression through mitosis ensures genomic integrity from one cell division to the next. Improper checkpoint control throughout the cell cycle may result in uncontrolled proliferation, aneuploidy, and genetic instability culminating in neoplastic transformation. Considering the central role of phosphorylation in these checkpoints, primarily the DNA damage and spindle assembly checkpoints, it is not surprising that several mitotic kinases have been implicated in tumorigenesis (2) (3) (4) (5) . Plk1 has received significant attention as a critical regulator of cell division (6) . Plk1, often over-expressed in a variety of cancers, has been shown to be essential for proper mitotic entry, progression and exit (7) (8) (9) (10) . Extensive efforts are being made towards exploiting Plk1 as a target for cancer management, particularly in developing small molecule inhibitors which could be utilized as anti-cancer drugs (7) (8) (9) (10) . Interestingly, some recent studies have demonstrated modulation of Plk1 by naturally occurring agents, suggesting that these agents, with limited or no toxicity, could be developed for chemoprevention of cancer. This review will discuss these studies and evaluate the potential and efficacy of these compounds as potential chemopreventive as well as therapeutic agents for cancer management.
ROLE OF PLK1 IN MITOSIS: WHY IT COULD BE AN IMPORTANT TARGET FOR CANCER MANAGEMENT
The founding member of the Plk family, polo, was originally identified in Drosophila melanogaster and thus named for the mono-polar phenotype (a single spindle pole surrounded by missegregated DNA) seen with polo mutants (11) . Further research demonstrated that polo is an essential serine/threonine kinase required for proper mitosis (12) . Evolutionarily conserved members have since been identified in Schizosaccharomyces pombe, Caenorhabditis elegans, Xenopus laevis, Mus musculus and humans. There are four defined mammalian Plks: Plk1, Plk2 (Snk), Plk3 (Fnk/Prk) and Plk4 (Sak). All contain a highly conserved N-catalytic domain and one (Plk4) or two (Plks 1-3) C-terminal polo box domains (PBD) (Fig. 1A) . The PBDs have been shown to be involved in cellular localization, target binding, and cis acting regulation upon the catalytic domain (6) .
Transcription and translation of Plk1 is highly coordinated with cell cycle progression (Fig. 1B) . Plk1 mRNA and protein levels begin to accumulate in S-phase and peak at the G 2 /M transition and then decline upon mitotic exit (13) . Plk1 activation is achieved by an accumulation of Bora in G 2 leading to Aurora A activation (14, 15) . Binding of Plk1 by Bora then opens up Plk1's activation loop at threonine-210, allowing for Aurora A phosphorylation and Plk1 activation (14, 15) . Plk1 then plays multiple essential roles as the cell enters, progresses through and exits mitosis. At the G 2 /M transition, Plk1 activates the Cdk1/Cyclin B1 complex promoting mitotic entry both directly and indirectly. First, Plk1 directly regulates Cyclin B1 localization by phosphorylating Cyclin B1 and targeting it to the nucleus (16) . Second, Plk1 decreases the inhibitory phosphorylations on Cdk1 by phosphorylating and inhibiting Myt1, which is one of the two kinases that inhibits Cdk1 through phosphorylation, with Wee1 being the other (9, 17, 18) . Finally, Plk1 phosphorylates Cdc25C to promote its phosphatase activity on Cdk1, further amplifying Cdk1 activity and promoting mitotic progression (19) .
Beyond the G 2 /M transition, Plk1 also plays a role in centrosome maturation by promoting increased recruitment of microtubules to the spindle pole bodies (Reviewed in (6)). Plk1 has been implicated in regulating the localization of a variety of centrosomal-associated proteins, including γ-tubulin ring complex, shugoshin 1, kizuna, cenexin, and NLP (6) . Further, Plk1 also regulates the localization of Aurora A to the centrosomes for proper maturation (20) (21) (22) . Plk1 regulates the spindle assembly checkpoint (SAC) possibly through its phosphorylation of BubR1 and NUDC (6, 23) . However, this mechanism is not completely understood, and Plk1 activity is not essential for this checkpoint to occur in human cells. Finally, Plk1 regulates chromosome segregation, cytokinesis and mitotic exit. Emi1 is an inhibitor of the anaphase-promoting complex (APC), and upon Emi1 degradation, APC activity is increased, pushing the cell towards mitotic exit (9, 24, 25) . Plk1 phosphorylates both Emi1, targeting it for ubiquitination and degradation by SCF β-TrCP , and the anaphase Fig. 1 Structure and function of Plk1. A Plk1 structure. Polo-like kinase 1 (Plk1) consists of a highly conserved kinase activity domain and two polo box domains involved in self regulation, target binding, and localization. The ATP binding site is located at lysine-83 and a phospho-activation site is located at threonine-210. Plk1 activity is increased upon phosphorylation at threonine-210 by Aurora A in conjunction with Bora. B Plk1 functions. Plk1 mRNA, protein and activity levels begin to rise in S-phase, peaking at the G 2 /M transition. These levels are relatively steady throughout mitosis but decline upon mitotic exit into G 1 . During cell cycle progression Plk1 regulates multiple targets, both directly and indirectly, involved in the G 2 /M transition, spindle pole maturation (SPM), the spindle assembly checkpoint (SAC), and cytokinesis. (Cell cycle stages are not to scale.) promoting complex (APC) itself increasing APC activation (26) (27) (28) . The APC then targets securin for ubiquitination and degradation. This, in turn, releases seperase to cleave the cohesins binding the sister chromatids together, thereby allowing anaphase to proceed (9, 24) . Increased APC activity also leads to Cdk1 and Cyclin B1 degradation, which is necessary for proper mitotic exit (6, 9, 24) . At cytokinesis, Plk1 phosphorylates the HsCYK4 subunit of centralspindlin at the midzone (29) . This phosphorylation promotes the recruitment of the Rho guanine nucleotide exchange factor ECT2, which in turn activates RhoA GTPase (29) (30) (31) . RhoA is an activator of the cytokinetic actomyosin ring and contributes to the development of the cleavage furrow (29) (30) (31) . With all these roles through mitosis, it is evident that Plk1 is a very important regulator and promoter of the cell cycle.
Dysregulation of Plk1 has been shown to result in the formation of abnormal centrosomes leading to chromosomal instability and aneuploidy, ultimately culminating in tumor development (32) . Additionally, forced overexpression of Plk1 in normal cells results in a transformed phenotype and increased tumorigenicity of the cells (33) . Therefore, it is not surprising that Plk1 expression is upregulated in a variety of tumors. Elevated Plk1 levels have been found in breast cancer, colorectal cancer, endometrial carcinomas, esophageal carcinoma, head/neck squamouscell carcinomas, melanoma, non-small-cell lung cancer, oropharyngeal carcinomas, ovarian cancer, pancreatic cancer, papillary carcinomas and prostate carcinomas (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) (46) . Further, it has been demonstrated that Plk1 expression is strongly correlated with poor prognosis and therefore could serve as a marker for cancer progression. However, it is possible that the over-expression of Plk1 in tumors in vivo is a consequence of the proliferative state of the tumor, and not a cause of it.
Targeting Plk1 using multiple mechanisms in vitro has strengthened the potential of targeting Plk1 cancer management in vivo. Indeed, multiple studies have demonstrated significant reductions in tumor growth through targeting Plk1 using both in vivo siRNA delivery systems and novel small molecule inhibitors (47) (48) (49) (50) (51) (52) (53) (54) . Plks are especially attractive because they possess two potential targeting sites: the catalytic and polo box domains. The highly conserved nature of these sites presents an opportunity to design highly specific molecules for binding to these regions to deregulate Plk1 activity and/or localization. Some of these small molecule inhibitors have since begun advanced preclinical and early clinical trials to further evaluate their potential in humans. These include ZK-thiazolidinone, NMS-1, CYC-800, DAP-81, and LC-445 BI 2536, BI 6727, GSK461364, and HMN-214 (10) . A limited number of studies have demonstrated a negative regulation of Plk1 by naturally occurring compounds, suggesting that targeting Plk1 could be used as an approach for cancer chemoprevention. These studies are described below.
NEGATIVE REGULATION OF PLK1 BY NATURAL AGENTS: PLK1 AS A TARGET FOR CANCER CHEMOPREVENTION?
Plk1 has attracted attention as a potential target for cancer management for two main reasons. First, its central role in mitosis coupled with its specific overexpression in cancer cells provides a technical advantage regarding its inhibition, primarily in cancer cells, thereby sparing normal cells. Second, the fact that Plk1 possesses two potential targeting sites, the enzymatic, kinase domain and the polo-box domains, increases the potential of discovering or designing highly specific inhibitors. Even more attractive would be a dual inhibitor that binds to both sites, thereby ensuring specificity to Plk1. An alternative, but potentially less desirable, mechanism for modulating Plk1 for cancer management would be through decreased transcription or protein levels. Being able to specifically decrease Plk1 presence could potentially be successful; however, the mechanism by which this could be achieved would very likely have off-target effects, as opposed to direct Plk1 binding and inhibition. Below, we evaluate these three mechanisms of Plk1 inhibition using naturally occurring agents, including certain well-known chemopreventive agents.
Plk1 Enzymatic Inhibitors

Scytonemin
The first natural compound shown to directly inhibit Plk1 was the marine pharmacophore, scytonemin (55) . Scytonemin is a pigment isolated from over 300 species of cyanobacteria that possesses UV absorptive, antiinflammatory and antiproliferative properties (Fig. 2) (56, 57) . Stevenson et al. demonstrated that scytonemin was capable of inhibiting Plk1 activity through an ATP competitive manner with an IC 50 of 2 μM. Treatment of Jurkat T cells with scytonemin resulted in a significant decrease in cell growth and an increase in apoptosis. However, scytonemin was also found to inhibit several other serine/threonine and tyrosine kinases, including Myt1, Chk1, and Cdk1, at IC 50 values similar to that for Plk1. This broad kinase inhibitiory effect of scytonemin suggests that this compound decreases cell proliferation and increases apoptosis in a cell-cycle-independent manner. This does not appear to be in line with the specific Plk1 inhibition where a strong G 2 /M cell cycle arrest leads to apoptosis in cancer cells (36, 50, 51, 54) .
Wortmannin
Wortmannin, a steroidal furanoid purified from the broth of Penicillium wortmanni Klocker, has long been used as an inhibitor of PI3K (Fig. 2) (58,59) . However, like scytonemin and many other natural kinase inhibitors, it shows promiscuity towards other kinases, including Plk1 (60, 61) . Using a tetramethylrhodamine-wortmannin conjugate, AX7503, as an activity-based probe, the authors show that in addition to PI3K, wortmannin also binds to and inhibits the kinase activities of Plk1 and Plk3, both in vitro and in vivo, through binding to their respective ATP binding sites (60, 61) . Whereas wortmannin has an in vitro IC 50 of 4.2 nM for PI3K, its IC 50 for Plk1 and Plk3 were six-and ten-fold higher at 24 and 48 nM, respectively (60) (61) (62) . However, wortmannin still shows affinity for Plk1 (IC 50 > 100 nM) and Plk3 (IC 50 = 220 nM) in vivo at doses typically used for PI3K inhibition, indicating wortmannin is potently inhibiting the activity of multiple kinases in addition to its most specific defined target, PI3K. Therefore, the clinical use of wortmannin as a specific kinase inhibitor may not be possible, but may be of value as a pan-kinase inhibitor targeting multiple essential kinases involved in cell proliferation.
Staurosporine, Morin and Quercetin
McInnes and colleagues evaluated a large sample of compounds for their ability to inhibit Plk1 activity and their structural relationships (8) . Of interest for this review, the first compound they looked at is the antibiotic staurosporine, originally isolated from a bacterium (Streptomyces staurosporeus), which shows similar characteristics to that of wortmannin (Fig. 2) (8) . Staurosporine is a very non-specific kinase inhibitor that shows activity towards Plk1 (IC50 = 0.8 μM). The authors also found that the natural flavanoids morin and quercetin, two compounds found frequently in a variety of fruits and vegetables, inhibited Plk1 activity with IC 50 values of 12.6 and 64 μM, respectively (Fig. 2) . It is interesting to note that these two flavanoids in particular inhibited Plk1 where others, including myricetin, luteolin, and kaemperfol, did not, with IC 50 values greater than 100 μM (8). Interestingly, the flavanoids that are inactive against Plk1 are potent inhibitors of PI3K, and vice versa. Further, all these flavanoids contain the same chromenone backbone, but differ in only their hydroxylation pattern. Though the IC 50 values of morin and quercetin are much higher than the marine-and bacterial-originating compounds of scytonemin, staurosporine and wortmannin, these compounds may be of greater chemopreventive interest due to their availability in plants. It should also be noted that the data with kaemperfol are inconsistent with data reported by Kang et al. that a dose of 50 μM inhibits Plk1 in MCF-7 cells (63) . Thus, kaemperfol may reduce Plk1 protein levels; however, the dose used appears to be very cytotoxic (98% sub-G 1 ) and may also be a consequence of the large amount of cell death and not a direct inhibition of Plk1 (63). 
Polo Box Inhibitors
Thymoquinone
Conversely to the widely conserved kinase domain, the PBDs of Plk1 provide a much more specific targeting site to inhibit Plk1 localization and target binding. A few natural compounds have displayed an ability to block PBD binding, leading to a reduction in cell growth. Thymoquinone, a phytochemical found in Nigella sativa seed oil (64) , has been shown to possess anti-inflammatory, anti-oxidant, and anti-neoplastic activities; however, the targets of thymoquinone are not well-known (Fig. 3) (65) . Using a fluorescence polarization assay based on the binding of the Plk1 PBD to a fluorophore-labeled peptide comprising Plk1's optimal recognition motif, Reindl et al. screened a chemical library of ∼22,000 small molecules for compounds that could interfere with the Plk1 PBD (64, 66) . From this screen, it was found that the compound Poloxin possessed a PBD interfering IC 50 of 4.8 μM and that the closest off-target molecules (Plk2 and Plk3) had IC 50 values 4-and 11-fold higher than that of Plk1, indicating a rather specific interference of Plk1. Poloxin itself is not a natural compound, but the backbone of Poloxin is thymoquinone, which possesses a more potent inhibition (IC 50 = 1.1 μM) of the Plk1 PBD. However, thymoquinone also inhibits multiple off-target phosphoserine, threonine, and tyrosine binding domains beyond the PBDs of Plk1, including Plk2 and Plk3, the FHA domain of Chk2, the WW domain of Pin1, and the SH2 domain of STAT3. Though the potency of thymoquinone on Plk1 inhibition was made first with its derivative Poloxin, this is a classic example of a natural compound showing strong potency towards a target of interest but with multiple off-target effects. However, thymoquinone provided a backbone for designing a more specific drug, Poloxin. Unfortunately, the more specific drug in this case lost some of its potency.
Purpurogallin
Another natural compound shown to inhibit the PBD of Plk1 is purpurogallin (PPG), a benzotropolone derived from nutgalls ( Fig. 3) (67) . Inserting fluorescent monomeric Venus between GST and Plk1 PBD, Watanabe and colleagues created a screening assay by fusing the Wee1A PBD binding site to 96-well plates. After incubating the GST-mVenus-PBD construct with various test compounds, the PBD construct was exposed to the Wee1A wells and unbound PBD washed away. A fluorescent read-out was used to determine the amount of PBD inhibition and binding. From the 2,500 compounds tested, PPG was the most potent, with an IC 50 of 0.3 μM (67). Like other Plk1 inhibitors, PPG demonstrates off-target inhibition, including that of Plk2, various tyrosine-specific kinases, HIV integrase, and the Bcl-XL /BH3 peptide interactions. Interestingly, PPG shows little inhibition on Plk3. However, the biggest drawback of PPG is its poor bioavailability (67) . In tissue culture, a concentration of 50 μM PPG was needed to observe typical Plk1 inhibitory phenotypes. The authors speculate that this is due to the acidic hydroxyl groups decreasing cell penetration or through oxidation in the media (67) . Regardless, they show that the 2-hydroxyl group of PPG is essential using the in vitro model, so modifications to increase stability or cell membrane transport are needed, but without the loss of key structural elements, mainly the 2-hydroxyl group (67).
DECREASED PLK1 EXPRESSION
There are a variety of natural compounds demonstrating cell growth inhibitory effects accompanied with the modulation of Plk1. However, these compounds have not been shown to directly inhibit Plk1 activity or PBD function, but rather demonstrate decreases in Plk1 transcription or protein levels after exposure to the compound. Therefore, these compounds are listed as ones that have shown a decrease in Plk1, primarily protein expression, but without complete evaluation on the mechanism leading to decreased Plk1. Thus, these agents (discussed below) show promise; however, attributing their efficacy to Plk1 inhibition, either in whole or in part, needs to be thoroughly examined to conclusively define their mechanism(s) of action.
Genistein
Genistein, an isoflavone derived from soybeans, possesses antioxidant and chemopreventive properties leading to reduced cell growth, cell cycle alterations and apoptosis (Fig. 4) (68,69) . In a recent study, Ismail and colleagues demonstrated that genistein-induced neuronal apoptosis and G 2 /M cell cycle arrest is associated with Plk1 downregulation (70) . In this study, treatment with genistein showed some of the typical anti-proliferative effects seen with Plk1 inhibition in cancer cells (70) . This primarily includes the reduced cell growth and an increase in S and G 2 /M phases of the cell cycle leading to increased apoptosis. However, in the case of direct Plk1 inhibition, a strict G 2 /M cell cycle arrest is seen, rather than an additional arrest in S phase seen with genistein (36, 53, 54 ). An S phase arrest with a concomitant G 2 /M arrest would indicate an effect on the DNA damage response. Indeed, the authors reached the same conclusion (70) . The authors also found changes in various DNA damage response and G 2 /M transition genes and proteins, leading to the conclusion that the primary mechanism for genisteininduced cell death is through an effect on the DNA damage response, possibly through direct DNA damage, and not a direct effect on Plk1 itself (70) . Further, following genistein treatment, the authors found an increase in MDC1 (Mediator of DNA damage Checkpoint protein 1), p53, and p21 waf1/cip1 mRNA and proteins and an increase in phosphorylated Chk2 at threonine-68 (involved in Chk2 activation during DNA damage repair) and Cdc25C at serine-216 (prevents nuclear translocation, thus inhibiting Cdc2 (Cdk1) activation at the G 2 /M transition) (70) . Further, the authors found a decrease in Cdc2 (Cdk1), Plk1 and Cyclin B1 protein levels and decreased Cyclin B1 phosphorylation, all key regulators of the G 2 /M transition.
Vanillin
Vanillin is the principal ingredient of vanilla bean extract and is widely used as a flavoring agent (Fig. 4) . Studies have shown that vanillin inhibits mutagenesis induced by chemical and physical mutagens, and suppresses the invasion and migration of cancer cells (71) . Cheng and colleagues used the oligonucleotide microarray approach to study gene expression profile of vanillin-treated human hepatocarcinoma cells (71) . In this study, the microarray data followed by gene ontology investigation found that vanillin affected clusters of genes involved in cell cycle and apoptosis (71) . Plk1 was one gene found to be repressed by vanillin, and this observed effect was found to be dosedependent and most prominent at concentrations of 5 mM. Additional studies demonstrated that vanillin treatment resulted in the typical G 2 /M phase cell cycle arrest and apoptosis profile seen with Plk1 inhibition in a dosedependent manner in cultured human colorectal cancer cells (72) . Similar to genistein, however, it is not clear whether or not the effects on Plk1 down-regulation by vanillin is an upstream effect on the DNA damage repair mechanism, rather than on Plk1 itself.
Silibinin
Silibinin, a polyphenolic flavonoid, is an important bioactive constituent of silymarin, the extract of Silybum maranium (milk thistle) seed (Fig. 4) . Several studies have shown cancer chemopreventive effects of silibinin in a variety of model systems (reviewed in (73) (74) (75) ). Cui and colleagues have shown that silibinin, at 80 mg/kg and 160 mg/kg, reduced the growth of HuH7 human hepatocellular carcinoma xenografts in nude mice, and this growth inhibitory effect was found to be accompanied with an inhibition of Plk1 (76) . In earlier studies, silibinin has shown typical effects of Plk1 inhibition. For example, silibinin was found to cause caspase-independent apoptosis Fig. 4 Compounds shown to decrease Plk1 mRNA or protein levels. Treatment of cells with these compounds has been shown to decrease Plk1 mRNA and/or protein levels. The cause of this decrease in some instances is due to a G 1 or S arrest, which would naturally decrease Plk1 levels due to Plk1 transcription and translation occurring mainly leading up to and during mitosis.
as well as decreased levels of Cyclin B1 in human colon carcinoma HT-29 cells (77) and G 2 /M cell cycle arrest in human epidermoid carcinoma A431 cells.
Trichostatin A
A recent study has demonstrated that the histone deacetylase (HDAC) inhibitor, Trichostatin A (TSA), resulted in a marked down-regulation of multiple mitosis-associated genes in HeLa cells (78) . TSA, originally derived from Streptomyces hygroscopicus in 1976, has been shown to possess potent anti-fungal as well as potent class I and II HDAC inhibitor properties (Fig. 4) (79,80) . Noh and colleagues have shown that TSA treatment resulted in a delay at the G 2 /M transition and spindle checkpoint slippage leading to cell death. In addition, the authors also showed that these phenotypes are due to an increase in p21 waf1/cip1 transcription with a corresponding decrease in Plk1, Cyclin B1 and Survivin (78) . These results are similar to those seen with genistein above, and may be attributed to the effects of TSA on the DNA damage checkpoint as well. In a paper by Jong-Soo Lee, it was shown that TSA can induce an ATMdependent DNA damage response, indicating that the G 2 /M slippage and mitotic defects seen by Noh and colleagues may be due to an upstream defect during S phase or the G 2 /M transition (81).
Indirubin
5′-nitro-indirubinoxime (5′-NIO), a derivative of the natural compound indirubin that is found in the plant Danggui Longhui Wan, has been reported to possess therapeutic activities against neurodegenerative disorders, inflammation, and chronic myelogenous leukemia (Fig. 4) (82) . Several studies on various indirubin derivatives have attributed their antitumor activity to the inhibition of a wide range of kinases, including the Cdks, GSK3β, and Jnk (83) (84) (85) (86) . Kim and colleagues synthesized the indirubin derivative 5′-NIO and found that it possesses greater antitumor effects than the most common derivative, indirubin-3′-monoxime, both in vitro and in vivo (87, 88) . The data from this study showed a shift from 64% of control cells in G 1 or S phase to 30% of 5′-NIO treated cells and a corresponding shift from 24% of control cells in G 2 /M to 50% of 5′-NIO treated cells, suggesting a strong G 2 /M phase arrest (82) . However, other than reduced Plk1 protein after 5′-NIO treatment, this paper did not evaluate any direct effects of 5′-NIO on Plk1 activity, binding, transcription or protein stability; therefore, no conclusions on Plk1 inhibition can be made, and considering the promiscuous kinase inhibitory effects of other indirubin derivatives, the antitumor effects of 5′-NIO may be due to inhibition of multiple kinases.
CONCLUSION
For centuries, many natural compounds, particularly those found in edible fruits, vegetables and beverages, have shown important preventive as well as therapeutic properties against several disease conditions, including cancer. The mechanisms of action of these agents are being extensively studied, and novel agents with beneficial health effects are being continuously discovered. However, several thousands of known and hitherto unknown agents have not yet been tested for their specificity against any particular pathway or targets, such as Plk1. Thus, given the known functions and effects of Plk1 inhibition, coupled with its wide overexpression pattern in cancer, a naturally occurring Plk1 inhibitor with low or no toxicity will be immensely useful in prevention as well as treatment of cancer. This is particularly important since a wide range of studies have shown that Plk1 inhibition is lethal to cancer cells but spares the normal cells. Thus, a naturally occurring non-toxic Plk1 inhibitor, aimed at regulating the enzymatic activity, target binding, localization, mRNA transcription, or inhibition of Plk1 protein stability, could be used for cancer chemoprevention. This does not exclude the non-specific natural Plk1 inhibitors with multiple target-affecting abilities (including Plk1), as even promiscuous inhibitors may be useful as chemopreventative agents. Further, some compounds do demonstrate strong enough affinity or specificity to be used as scaffolds for drug design, which has been the case for many drugs used regularly today. One example listed above is Poloxin, a derivative of thymoquinone (64) . Poloxin was actually developed without knowledge of its Plk1 PBD inhibitory mechanism, but once revealed, it was also found that the original backbone, thymoquinone, also possessed a more potent, albeit less specific, inhibition of Plk1 as well (64) .
